We report on the first direct nanoscale imaging of elementary edge dislocations in a thermotropic smectic C* liquid crystal with the Burgers vector equal to one smectic layer spacing d. We find two different types of dislocation profiles. In the dislocation of type A, the layers deformations lack mirror symmetry with respect to the plane perpendicular to the 
a tilt of molecules within the layers, the presence of dislocations can be verified directly by optical microscopy [9] . One of the important questions that remains unanswered is the detailed structure of the dislocation core, i.e., the region at the "center" of the defect where the deformations are too strong to sustain the usual type of order. The spatial extension of the core is of the order of a few characteristic periods of the positional order and in most smectics it is in the range of 1-10 nanometers, which calls for imaging techniques with resolution much higher than the optical one. An obvious solution is to use electron microscopy, but the latter is often limited by the soft nature of smectics and by the need to align the material. For example, to observe an edge dislocation, in which the Burgers vector b is perpendicular to the defect axis, a desirable orientation of the smectic layers is parallel to the probing beam. The latter is very difficult to achieve, as the smectic layers tend to be parallel to the bounding plates/interfaces.
Because of all these difficulties, the nanometer-resolved images of edge dislocations in smectics are available only for very few materials, such as the lyotropic lamellar phase of phospholipids [10] and bent-core thermotropic smectics [11] .
In this work, using cryo-transmission electron microscopy (cryo-TEM), we present the first direct observation of elementary edge dislocations in a thermotropic smectic C* (SmC*) phase formed by rod-like chiral molecules. The study reveals two different types of profiles of an edge dislocation with the Burgers vector b d = , where d is the smectic periodicity. In the first type, the layer deformations lack mirror symmetry with respect to the plane of the extra layer.
The asymmetric structure is called an A-core dislocation. In the second type, the core is strongly anisotropic, extending along the Burgers vector b over the distances 2 z ξ much larger (by a factor of 4) than the core size 2 x ξ measured in the direction perpendicular to the Burgers vector.
This type represents a split core and is called an S-type. The observation of S-cores confirms a long-standing prediction by Allen and Kleman [12] . We suggest that the distinct A and S cores are caused by the different direction of molecular tilt within the smectic layers, which is perpendicular to the dislocation's axis in the A case and parallel to it in the S case.
For our experiments we used (S)- is the heliconical pitch [11] . The latter is much larger than the smectic spacing.
Tilt angle measurements were carried out by applying square wave electric fields and measuring the angular difference between two directions of the optical axes corresponding to the positive and negative voltages, found opt θ = 22°±2° for the whole temperature range. The closeness of X θ and opt θ indicates that the titled molecules are fairly straight in the SmC* phase.
The material has a low viscosity due to the compact nature of the 1,3-thiazole ring, and forms chevron-free structures in 5-10µm thick films. These properties are not only advantageous for display purposes, but are also very useful in our TEM studies. When the material is sandwiched between two plasma-treated continuous carbon films, is shows a "bookshelf" alignment of layers that are parallel to the probing electron beam. AG14 turned out to be the only material out of dozen smectics explored by us that yielded this alignment and thus allowed us to explore the fine structure of edge dislocations.
Cryo-TEM measurements were carried out on a FEI Tecnai F20 microscope operating at 200 kV. A Gatan cryo-holder (model 626.DH) made it possible to keep the specimen temperature below -170°C throughout the TEM observation. All images were recorded using a Gatan 4K Ultra Scan CCD camera. The films were heated to the isotropic phase and cooled to the desired temperatures, then rapidly quenched to liquid nitrogen (-196°C) to preserve the liquid crystalline structures [13] .
The films were normally previewed rapidly at a dose of 20 e -/nm 2 ; selected areas were then imaged at a dose level of 200e/nm 2 , which we found did not cause any radiation damage.
Previous studies of ~100 nm thermotropic bent-core liquid crystals films carried out with this instrument visualized smectic layers with resolution better than 0.7 nm. [13] [14] [15] [16] . 
(c) The intensity profile along the red line marked in (a).
Apart from large uniform areas, a number of elementary edge dislocations with Burgers vector b d = are also observed. These come in two different shapes that we label as A and S edge dislocations, see Figs. 2 and 3, respectively. To facilitate the discussion, we define two planes. One is the glide plane (GP) formed by the dislocation axis along the y -axis, and its Burgers vector b along the z -axis. In our coordinates, GP is the 0 x = plane. In all experiments, the GP is perpendicular to the plane xz of view, which enables the detailed study of the core structure. The second plane is the molecular tilt plane (MTP), determined by the local director n and the layer normal ν . 
(c) Transmitted electron density profiles measured along the lines AA', BB' and CC' shown in part (a). Note the periodic nature of density variation along the lines AA' and CC' and reduction in the amplitude of modulations along the BB' line over a ~15 nm segment.
A very different S type of edge dislocation core is presented in Fig.3 . In this case, there are no clear FFT reflexes that could be associated with the molecular tilt in the xz plane of observation, suggesting that the molecules are tilted along the axis of dislocation; MTP is parallel to GP. The S core is highly anisotropic, extending along the Burgers vector b over a distance 2 4 z d ξ ≈ that is much larger that the core extension 2 x d ξ ≈ measured in the direction perpendicular to the GP, Fig.3a . The anisotropic core involves multiple layers, n >1, that are being disrupted and "melted" into a nematic-like region. In Fig.3a ,bc, there are n =4 layers on one side of the GP and 5 layers on the other side that are clearly disconnected. Figure 3c shows three profiles of the transmitted electron intensity measured above (AA'), below (CC') and in the middle (BB') of the core region, demonstrating that the material density within the core (along the cut BB') is practically constant over a large distance on the order n =4 smectic periods,
; the latter implies melting of the smectic positional order. Note that the average transmitted intensity is the same inside and outside the defect area, indicating that the average density of molecular packing is practically the same. This behavior is different from the case of bent-core smectics [14] , in which the core of dislocations is packed less densely than the uniform areas.
The experimental results in Figs In the S core, the predominant type of director deformations in the nematic-like core is the twist that allows one to accommodate a different thickness of the layers on both sides of the GP, Fig.4b . The anisotropic nature of the S core can be connected to the elastic properties of the medium by calculating the line tension of dislocation [12] [22], neglecting nonlinear effects [19] [23] . In the linear model, displacements of layers around the edge dislocation are described as ( ) ( )
[18] The line tension F is then calculated by integrating the free energy density
over the xz plane, excluding a rectangular core area , To conclude, we presented the first experimental observations of the nanoscale details of elementary edge dislocations in a weakly twisted smectic C*. We found two types of dislocations, an A type with an asymmetric profile of layers in the top and bottom semi-planes, and an S split type with the core strongly elongated along the Burgers vector and involving more than one melted smectic layer. We connect the observed features to the elastic coupling between the layer distortions and molecular polar and azimuthal tilts within the layers. In the A dislocations, the molecules tilt in the direction perpendicular to the dislocation's axis, while in the S dislocations, the molecular tilts are parallel to the defect's axis. The experimental observations pose a challenging problem of incorporating the polar and azimuthal components of the molecular tilts into the theoretical models of edge dislocations, especially at the core where the vanishing smectic order varies in space and couples to the orientational degrees of freedom;
to the best of our knowledge, this problem has not been treated so far.
